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RADAR ALIGNMENT APPARATUS AND
METHOD OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from and the
benefit of Korean Patent Application Number 10-2014-
0193439, filed Dec. 31, 2014, which 1s hereby incorporated

by reference for all purposes as if fully set forth herein.

BACKGROUND

Field

Exemplary embodiments relate to a radar alignment appa-
ratus and a method of controlling the same, and more
particularly, to a radar alignment apparatus for a vehicle,
which 1s configured to share information about a target
detected by a one or more radars mounted 1n and/or on a
vehicle and correcting misalignment when the misalignment
1s detected by the one or more radars, and a method of
controlling the same.

Discussion of the Background

In general, an adaptive cruise control (ACC) system of a
vehicle 1s a system that automatically controls the traveling,
speed of the vehicle through a position of and a distance to
a vehicle detected by a radar mounted at a front side of the
vehicle to appropriately accelerate and decelerate, thereby
maintaining an appropriate distance from the front vehicle.
Recently, a system of securing safe driving by detecting a
position of and a distance to a vehicle entering or approach-
ing a lateral side of the corresponding vehicle with a rear
side-mounted radar has been combined with the ACC sys-
tem previously described.

When a radar 1s mounted at a rear side of a vehicle, a
position of and a distance to another vehicle positioned at a
lateral side of the corresponding vehicle are detected 1n a
system used 1n an advanced drive assist display (ADAD), so
that an alignment for directionality of the radar and an
analysis of an analysis coordinate value are very important.

The angle accuracy required by the radar for the vehicle
only permits an error of less than about 1° to 2°, and the
radar mounting angle or measurement angle may become
misaligned during prolonged operation. Misalignment of the
radar occurs, when the radar mounting angle or measure-
ment angle 1s misaligned. This causes generated, travel
information about a target or an opposite vehicle to be
inaccurate. Thus, a warning may be generated 1n error or not
generated when needed. In general, radar 1s corrected by
verilying the mounting or measurement angle and perfor-
mance regularly or as necessary, but the radar for a vehicle
1s operated without the verification, so that the radar itself
needs to detect and measure a misalignment state and correct
a mounting angle for a lifespan of a vehicle.

A method for correcting the error of the mounting angle
ol a radar of a vehicle uses data from a vehicle speed sensor,
a yaw rate sensor, and the radar. However, when the mount-
ing angle error 1s corrected through the vehicle speed sensor
and the yaw rate sensor, it 1s diflicult to accurately determine
this angle because the left and right targets of the radar are
positioned too close to the radar.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the inventive concept, and, therefore, 1t may
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contain information that does not form the prior art that 1s
already known 1n this country to a person of ordinary skill
in the art.

SUMMARY

Exemplary embodiments provide a radar alignment appa-
ratus for a vehicle, and a method of controlling the same.

Particularly, the present disclosure has been made in an
cllort to detect misalignment with respect to a horizontal
direction of a radar, calculate a correction value, and auto-
matically correct the misalignment of the radar.

Additional aspects will be set forth 1n the detailed descrip-
tion which follows, and, 1n part, will be apparent from the
disclosure, or may be learned by practice of the mnventive
concept.

An exemplary embodiment discloses a method of con-
trolling a radar alignment apparatus, including calculating a
first target information comprising a first distance to, a first
speed, and an first angle of a first target by using a {irst radar
provided on a vehicle, calculating a second target informa-
tion comprising a second distance to, a second speed, and an
angle of a second target by using a second radar provided on
the vehicle and spaced apart from the first radar by a
predetermined 1nterval, comparing the first distance and the
first speed included 1n the first target information with the
second distance and the second speed included 1n the second
target information, determining whether the first target and
the second target are a same target based on the comparison
of the first distance with the second distance and the first
speed with the second speed, comparing the first angle
included 1n the first target information with the second angle
included 1n the second target information when 1t 1s deter-
mined that the first target and the second target are the same
target, determining whether misalignment exists 1n at least
one of the first radar and the second radar based on the
comparison of the first angle with the second angle, and
correcting the misalignment by using the first distance
included in the first target information and the second
distance included 1n the second target information when 1t 1s
determined that the misalignment exists 1n at least one of the
first radar and the second radar.

An exemplary embodiment also discloses apparatus for
aligning radars, including, a first radar and a second radar
provided on a vehicle and spaced apart from each other by
a predetermined 1nterval, the first and second radars radiate
radio waves for detecting a first target and a second target,
a receiving unit configured to receive a first signal of the
radio wave radiated by the first radar and reflected from the
first target, and a second signal of the radio wave radiated by
the second radar and reflected from the second target, a
target information calculating unit configured to calculate a
first target information comprising a first distance to, a first
speed, and a first angle of the first target, and a second target
information comprising a second distance to, a second
speed, and a second angle of the second target based on the
first and second signals received by the receiving unit, a
target information comparing unit configured to compare the
first distance and the first speed included in the first target
information with the second distance and the second speed
included 1n the second target information, the target infor-
mation comparing unit also configured to determine whether
the first target and the second target are a same target, and
an alignment correcting unit configured to compare the first
angle included 1n the first target information with the second
angle included in the second target information and deter-
mine whether misalignment exists in at least one of the first
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radar or the second radar when 1t 1s determined that the first
target and the second target are the same target, and calculate
a correction value for correcting the misalignment by using
the first distance 1included in the first target information with
the second distance included 1n the second target informa-
tion when 1t 1s determined that misalignment exists in at least
one of the first radar and the second radar.

The foregoing general description and the following

detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concept,
and, together with the description, serve to explain prin-
ciples of the mventive concept.

FIG. 1 1s a block diagram of a radar alignment apparatus
according to an exemplary embodiment.

FIG. 2 illustrates an example of calculation of target
information by the radar alignment apparatus according to
an exemplary embodiment.

FIG. 3 1s a flowchart of a method of controlling the radar
alignment apparatus according to an exemplary embodi-
ment.

FIG. 4 1llustrates an example of a process of calculating
a correction value for correcting misalignment according to
an exemplary embodiment.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

In the following description, for the purposes ol expla-
nation, numerous specific details are set forth 1 order to
provide a thorough understanding of various exemplary
embodiments. It 1s apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other 1nstances, well-known structures and devices are
shown 1n block diagram form 1n order to avoid unnecessarily
obscuring various exemplary embodiments.

In the accompanying figures, the size and relative sizes of,
regions, components, elements, etc., may be exaggerated for
clanity and descriptive purposes. Also, like reference numer-
als denote like elements.

When an element 1s referred to as being “on,” “connected
to,” or “mounted on” another element, 1t may be directly on,
connected to, or coupled to the other element or layer or
intervening elements may be present. When, however, an
clement or layer 1s referred to as being “directly on,”
“directly connected to,” or “directly mounted on” another
clement, there are no interveming elements present. For the
purposes of this disclosure, “at least one of X, Y, and Z”” and
“at least one selected from the group consisting of X, Y, and
/> may be construed as X only, Y only, Z only, or any
combination of two or more of X, Y, and Z, such as, for
instance, XYZ, XYY, YZ, and Z7. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

Although the terms “first,” “second,” etc. may be used
herein to describe various elements, components, regions,
and/or sections, these elements, components, regions, and/or
sections should not be limited by these terms. These terms
are used to distinguish one element, component, region,
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and/or section from another element, component, region,
and/or section. Thus, a first element, component, region,
and/or section discussed below could be termed a second
clement, component, region, and/or section without depart-
ing from the teachings of the present disclosure.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or
teature(s) as illustrated 1n the drawings. Spatially relative
terms are mtended to encompass diflerent orientations of an
apparatus 1n use, operation, and/or manufacture in addition
to the orientation depicted 1n the drawings. For example, 1
the apparatus in the drawings 1s turned over, elements
described as “below™ or “beneath” other elements or fea-
tures would then be oriented “above” the other elements or
features. Thus, the exemplary term “below” can encompass
both an orientation of above and below. Furthermore, the
apparatus may be otherwise oriented (e.g., rotated 90
degrees or at other orientations), and, as such, the spatially
relative descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limat-
ing. As used herein, the singular forms, “a,” “an,” and “the”
are mtended to include the plural forms as well, unless the
context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure 1s a part. Terms, such as those defined
in commonly used dictionaries, should be interpreted as
having a meaning that 1s consistent with their meaning in the
context of the relevant art and will not be interpreted 1n an
idealized or overly formal sense, unless expressly so defined
herein.

Hereinatter, exemplary embodiments will be described
with reference to the drawings explaining a radar alignment
apparatus for a vehicle and a method of controlling the same
according to exemplary embodiments.

A radar alignment apparatus for a vehicle and a method of
controlling the same may be modified by those skilled 1n the
art, and i the present exemplary embodiment, a radar
alignment apparatus for a vehicle and a method of control-
ling the same will be described.

FIG. 1 1s a block diagram of a radar alignment apparatus
according to an exemplary embodiment.

Retferring to FIG. 1, a radar alignment apparatus may
include a first radar 10, a second radar 20, a receiving unit
30, a target information calculating unit 40, a target infor-
mation comparing unit 30, and an alignment correcting unit
60.

The first radar 10 and the second radar 20 may be
mounted 1n and/or on the vehicle (See FIG. 2). Further, the
first radar 10 and the second radar 20 may be spaced apart
from each other by a predetermined interval.

The first radar 10 may be provided at a rear-leit side of the
vehicle, and the second radar 20 may be provided at a
rear-right side of the vehicle.

The first radar 10 may radiate radio waves to a surround-
ing area of the vehicle. The second radar 20 may also radiate
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radio waves to a surrounding area of the vehicle. In this case,
the first radar 10 and the second radar 20 may be set to
radiate radio waves within a predetermined range.

Each of the radio waves radiated by the first radar 10 and
the second radar 20 may be reflected by an obstacle (e.g., a
second vehicle 200) positioned around the vehicle.

The receiving unit 30 may receive the radio waves, which
are radiated from the first radar 10 and the second radar 20
and reflected by a target positioned around the vehicle. For
example, the recerving unit 30 may receive a signal of the
radio wave which 1s radiated by the first radar 10 and
reflected from a first target, and a signal of the radio wave
which 1s radiated by the second radar 20 and reflected from
a second target. Here, the first target may be the same as or
different from the second target. One or more rece1ving units
30 may be provided at each of the first radar 10 and the
second radar 20.

The target information calculating unit 40 may calculate
target information based on a signal received by the receiv-
ing unit 30. Particularly, the target information calculating
unit 40 may calculate target information including a distance
to the target, a speed of the target, and an angle of the target
to the vehicle based on the signal recerved by the receiving,
unit 30. For example, the target information calculating unit
40 may calculate first target information including a first
distance to R,, a first speed, and a first angle 0, of the first
target. Further, the target information calculating unit 40
may calculate second target information including a second
distance to R, a second speed, and a second angle 0, of the
second target based on the signal of the radio wave, which
1s radiated from the second radar and reflected and returned
by the second target.

The target information comparing umt 50 may determine
whether the first target 1s the same as the second target by
comparing the first distance R, and the first speed included
in the first target information and the second distance R, and
the second speed included 1n the second target information.

When the difference between the first distance R,
included 1n the first target information and the second
distance R, included in the second target information 1is
equal to or smaller than a first reference value, and when a
difference between the first speed included 1n the first target
information and the second speed included in the second
target information 1s equal to or smaller than a second
reference value, the target information comparing unit 30
may determine that the first target 1s the same as the second
target.

The alignment correcting unit 60 may determine whether
misalignment exists 1n at least one of the first radar 10 and
the second radar 20. Particularly, when the target informa-
tion comparing unit 50 determines that the first target 1s the
same as the second target, the alignment correcting unit 60
may compare the first angle 0, included 1n the first target
information and the second angle 0, included 1n the second
target information, and determine whether misalignment
exists 1n the first radar 10 or the second radar 20. For
example, when a difference between the first angle 0O,
included 1n the first target information and the second angle
0, included 1n the second target information 1s equal to or
larger than a third reference value, the alignment correcting
unit 60 may determine that the misalignment exists i the
first radar 10 or the second radar 20.

When the alignment correcting unit 60 determines that the
misalignment exists 1n at least one of the first radar 10 and
the second radar 20, the alignment correcting unit 60 may
calculate a correction value for correcting the misalignment
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by using the distance included 1n the first target information
and the distance included in the second target information.

When 1t 1s assumed that the first target 1s the same as the
second target, the alignment correcting unit 60 may deter-
mine whether a smaller value between the first distance R,
included in the first target information and the second
distance R, included in the second target information is
equal to or larger than a reference distance XX. As 1llustrated
in FIG. 2, the alignment correcting unit 60 (shown 1n FIG.
1) may determine whether a vertical distance R between the
first vehicle 100 and the target (e.g. a second vehicle 200
behind the first vehicle 100) 1s equal to or larger than the
reference distance XX.

When the first radar 10 and the second radar 20 radiate the
radio waves, and the target 1s positioned at a distance smaller
than the reference distance XX, the possibility that the radio
wave 1s sporadically reflected 1s high, and a large error may
be generated in the target information.

When the alignment correcting unit 60 determines that
cach of the first distance R, included in the first target
information and the second distance R, included in the
second target information 1s equal to or larger than the
reference distance, the alignment correcting unit 60 may
determine whether the number of times of determination that
the misalignment exists 1 at least one of the first radar 10
and the second radar 20 1s equal to or larger than a
predetermined number of times. The alignment correcting
unmt 60 may perform the correction of the misalignment only
when the number of times of determination that the mis-
alignment exists 1n the at least one of the first radar 10 and
the second radar 20 1s equal to or larger than the predeter-
mined number of times, thereby improving reliability. The
reference distance XX may be set to have a value corre-
sponding to a predetermined ratio or more compared to
maximum detected distances of the first radar 10 and the
second radar 20.

The alignment correcting unit 60 may calculate a first
calculated angle 0, of the first target to the first radar 10 and
a second calculated angle 0, of the second target to the
second radar 20 by using the first distance R, included 1n the
first target information, the second dlstance R, included 1n
the second target information, and the interval D between
the first radar 10 and the second radar 20 with the law of
cosines. For example, the alignment correcting unit 60 may
calculate the first calculated angle 0, of the first target to the
first radar 10 and the second calculated angle 0, of the
second target to the second radar 20 by using a triangulation
method.

The alignment correcting unit 60 may calculate a first
correction value and a second correction value. The first
correction value may be the difference between the first
calculated angle 0, of the first target to the first radar 10 and
the first angle 0, 111c1uded in the first target information, and
the second correctlon value may be a diflerence between the
second calculated angle 0, of the second target to the second
radar 20 and the second angle 0, included in the second
target information. When the first correction value and the
second correction value are calculated, the alignment cor-
recting unit 60 may correct the first angle 0, included 1n the
first target information by using the first correction value,
and correct the second angle 0, included 1n the second target
information by using the second correction value.

Before correcting the first angle 0, included in the first
target information and the second angle 0, included 1n the
second target information by using the first correction value
and the second correction value, respectively, the alignment
correcting unit 60 may accumulate the first correction value
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and the second correction value by a predetermined number
of times, and filter the accumulated first correction values
and second correction values according to a predetermined
reference value. The alignment correcting unit 60 may
provide the first correction value and the second correction
value before or after the filtering to the target information
calculating unit 40 and/or the target information comparing
unit 50. The target information calculating unit 40 may use
the first correction value and the second correction value
when calculating the first target information and the second
target information. The target information comparing unit 30
may correct the first angle 0, included 1n the first target
information and the second angle 0, included 1n the second
target information by using the first correction value and the
second correction value, respectively.

When the target information comparing unit 50 deter-
mines that the first target 1s the same as the second target, a
warning unit 70 may output a warning message. The warn-
Ing message may be a message corresponding to the first
target information and the second target information, and
may have at least one type of warning among a visual type,
an audible type, and a tactile type. For example, when a {irst
distance R, (or a lateral distance calculated from the first
distance R;) to the first target 1s smaller than a predeter-
mined distance, the warning unit 70 may generate a beep
sound through a speaker of the vehicle and the like. As
another example, when a second distance R, (or a lateral
distance calculated from the second distance R ) to the first
target 1s smaller than a predetermined distance, the warning
unit 70 may display a text notifying a danger situation
through a display of the vehicle.

FIG. 2 illustrates an example of the calculation of target
information by the radar alignment apparatus according an
exemplary embodiment. For convenience of reader, but by
no means limiting, one or more receiving units 30 are
provided at each of the first radar 10 and the second radar 20
mounted 1n and/or on a first vehicle 100, and a distance R
between a second vehicle 200 and the first vehicle 100 1s
equal to or larger than the reference distance XX.

Referring to FIG. 2, the first radar 10 and the second radar
20 may be mounted on the first vehicle 100 while being
spaced apart from each other by a predetermined interval D.

A second vehicle 200 travelling behind (e.g., diagonally
behind) the first vehicle 100 may be detected as a target by
the first radar 10 and the second radar 20 mounted on the first
vehicle 100. More specifically, the second vehicle 200 may
be detected as a first target by the first radar 10, and detected
as a second target by the second radar 20. In other words,
one target may be detected by each of the first radar 10 and
the second radar 20.

The target information calculating unit 40 may calculate
first target information about the second vehicle 200 based
on a signal that 1s radiated from the first radar 10, retlected,
and recetved by the receiving unit 30. The first target
information may include a first distance R, to the second
vehicle 200, a first angle 0,, and a first speed of the second
vehicle 200. The first angle 0, may be measured from a first
line between the first radar 10 and the second radar 20 and
a second line measured from the first radar 10 to the center
ol the second vehicle 200. The second line 1s not limited to
being measured from the center of the second vehicle 200
and may be measured from the first radar 10 to any position
on the second vehicle 200 (e.g., the closest point of the
second vehicle 200 to the first radar 10).

The target information calculating unit 40 may calculate
second target information about the second vehicle 200
based on a signal that 1s radiated from the second radar 20,
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reflected, and received by the receiving unit 30. The second
target information may include a second distance R, to
another vehicle 200, a second angle 0,, and a second speed
of the second vehicle 200. The second angle 0, may be

measured from the first line between the first radar 10 and
the second radar 20 and a third line measured from the
second radar 20 to the center of the second vehicle 200. The
third line 1s not limited to being measured from the center of
the second vehicle 200 and may be measured from the
second radar 20 to any position on the second vehicle 200
(e.g., the closest point of the second vehicle 200 to the
second radar 20).

The target information comparing unit 50 may determine
whether the first target 1s the same as the second target based
on comparing the first distance R, to the second vehicle 200
included in the first target information with the second
distance R, to the second vehicle 200 included 1n the second
target information and comparing the first speed of the
second vehicle 200 included 1n the first target information
with the second speed of the second vehicle 200 included in
the second target information. When the first distance R; to
the second vehicle 200 1ncluded 1n the first target informa-
tion 1s the same as the second distance R, to the second
vehicle 200 included 1n the second target information, and
the first speed of the second vehicle 200 included 1n the first
target information 1s the same as the second speed of the
second vehicle 200 included 1n the second target informa-
tion, the target information comparing unit 50 may deter-
mine that the first target 1s the same as the second target.

The alignment correcting unit 60 may correct misalign-
ment generated 1n at least one of the first radar 10 and the
second radar 20 when the target information comparing unit
50 determines that the first target 1s the same as the second
target.

When a difference between an absolute value of the first
angle 0, and the second angle 0, (e.g., 0,-0,) calculated by
the first radar 10 and the second radar 20, respectively, 1s
equal to or larger than a predetermined third reference value,
the alignment correcting unit 60 may determine that the
misalignment exists in at least one of the first radar 10 and
the second radar 20.

The alignment correcting unit 60 may calculate a first
correction value and a second correction value when deter-
mining that the misalignment exists 1n at least one of the first
radar 10 and the second radar 20. Here, the first correction
value 1s a value for correcting the first angle 0, included 1n
the first target information, and the second correction value
1s a value for correcting the second angle 0, included in the
second target information.

The alignment correcting unit 60 may calculate each of
the first correction value and the second correction value
based on the first distance R, included in the first target
information, the second distance R, included 1n the second
target information, and the interval D between the first radar
10 and the second radar 20.

The alignment correcting unit 60 may calculate the first
correction value and the second correction value by using
Equation 1 below.

RZR + D%+ RE Equation 1

dR-D

costip =

R? + D* + R%
2R D

cost; =
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Referring to FIG. 2, 0, of Equation 1 may be a calculated
first angle of the second vehicle 200 to the first radar 10, and
0, of Equation 1 may be a calculated second angle of the
second vehicle 200 to the second radar 20.

The alignment correcting unit 60 may calculate the first
correction value by determining the difference between the
first angle 0, included 1n the first target information and the
calculated ﬁrst angle 0, of the second vehicle 200 to the first
radar 10 (1.e., 6,-0,).

The alignment correcting unit 60 may calculate the sec-
ond correction value by determiming the difference between
the second angle 0, included in the second target informa-
tion and the second calculated angle 0, of the second vehicle
200 to the second radar 20 (1.e., 0,-0,).

The alignment correcting unit 60 may provide the first
correction value (0,-0,) and the second correction value
(0,-0,) to the target information calculating unit 40.

The target information calculating umt 40 may correct the
first angle 0, included in the first target information by using
the first correction value (0,-0,) provided from the align-
ment correcting unit 60. For example, the target information
calculating unit 40 may include a value (0,) obtaimned by
subtracting the first correction value (0,-0,) from the first
angle 0, included in the first target information 1n the first
target information.

The target information calculating unit 40 may correct the
second angle 0, included 1n the second target information by
using the second correction value (0,-0,) provided tfrom the
alignment correcting unit 60. For example, the target infor-
mation calculating unit 40 may include a value (0,) obtained
by subtracting the second correction value (0,-05) from the
second angle 0, included 1n the second target information 1n
the second target information.

The alignment correcting unit 60 may determine whether
another vehicle 200 1s a target positioned at a point spaced
apart from the vehicle by a predetermined reference distance
or more. Here, when a near distance target 1s spaced from the
vehicle by less than the reference distance, a ratio by which
the radio wave radiated by each of the first radar 10 and the
second radar 20 1s excessively and sporadically reflected by
the corresponding near distance target. This may cause a
large error to be generated 1n the first correction value and
the second correction value. Thus, the reliability may dete-
riorate in the radar system.

As described above, the alignment correcting unit 60 may
accumulate and filter each of the first correction value and
the second correction value in order to decrease error, and
filter information for the target information calculating unit
40 and the target information comparing unit 50.

When the target information comparing unit 50 deter-
mines that the targets detected by the first radar 10 and the
second radar 20 are the same as each other, the warning unit
70 may transmit a warning signal to a user. When a distance
(e.g., a first distance R,, a second distance R, or a lateral
distance calculated from one of the radars) to the same
target, 1s smaller than a predetermined value, the warning
unit 70 may transmit a warning signal.

Hereinatiter, a method of controlling the radar alignment
apparatus for the vehicle 100 according to an exemplary

embodiment will be described with reference to FIGS. 3 and
4.

FIG. 3 1s a flowchart illustrating a method of controlling
the radar alignment apparatus according to an exemplary
embodiment.

Referring to FIG. 3, first target information about a first
target may be calculated by using the first radar 10 provided
on the first vehicle 100 (5110), and second target informa-
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tion about a second target 1s calculated by using the second
radar 20, which 1s provided on the second vehicle 200 and
spaced apart from the first radar 10 by a predetermined
interval (S120). The first target information may include a
first distance to R,, a first speed, and a first angle 0, of the
first target, and the second target information may include a
second distance to R, a second speed, and a second angle
0, of the second target. Each of the first radar 10 and the
second radar 20 may radiate a radio wave to the target, the
receiving unit 30 may receirve a signal reflected from the
target, and the target information calculating unit 40 may
calculate the first target information and the second target
information based on the signal received by the receiving
unmit 30.

The target information comparing unit 50 may compare
the first target information and the second target information
provided from the target immformation calculating unit 40
(S130).

The target information comparing unit 30 may determine
whether the first target detected by the first radar 10 1s the
same as the second target detected by the second radar 20
based comparing the first target information with the second
target information (S140). When the first target detected by
the first radar 10 1s the same as the second target detected by
the second radar 20, the first distance R, (or a lateral distance
calculated from the first distance RL) and the first speed
included 1n the first target information are the same as the
second distance R, (or a lateral distance calculated from the
second distance R,) and the second speed included in the
second target information or have considerably similar val-
ues to those of the second distance R, and the second speed
included in the second target information. For example,
when a difference between the first distance R, (or a lateral
distance calculated from the first distance R ; ) included in the
first target information and the second distance R, (or a
lateral distance calculated from the second distance Rj)
included in the second target information 1s equal to or
smaller than a first reference value, and when a difference
between the first speed 1included 1n the first target informa-
tion and the second speed included in the second target
information 1s equal to or smaller than a second reference
value, the target information comparing unit 50 may deter-
mine that the first target 1s the same as the second target.

When the target information comparing unit 50 deter-
mines that the first target 1s the same as the second target, the
target information comparing unit 30 may compare the first
angle 0, included 1n the first target information and the
second angle 0, imncluded 1n the second target information,
and determine whether misalignment exists in the first radar
10 or the second radar 20 (S150). When the difference
between the first angle 0, included 1n the first target infor-
mation and the second angle 0, included 1n the second target
information 1s equal to or larger than a third reference value,
the target information comparmg unit 50 may determine that
the misalignment exists in the first radar 10 or the second
radar 20. The target information comparing unit 50 may
determine that at least one of the first radar 10 and the second
radar 20 1s distorted from a designed mounting angle to be
misaligned.

When the difference between the first angle 0, included 1n
the first target information and the second angle 0., included
in the second target information i1s smaller than the third
reference value, the target information comparing unit 30
may determine that the misalignment does not exist 1n the
first radar 10 and the second radar 20.

When the target information comparing unit 50 deter-
mines that the misalignment does not exist in the first radar
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10 and the second radar 20, the warning unit 70 may
determine whether to generate a warning by using the
distance included in the first target information or the second
target information (S160).

When the target information comparing unit 50 deter-
mines that the misalignment exists 1n at least one of the first
radar 10 and the second radar 20, the alignment correcting,
unit 60 corrects the misalignment by using the distance
included in the first target imnformation and the distance
included 1n the second target information (5170). Operation
S170 will be described 1n detail below with reference to FIG.
4.

FIG. 4 1llustrates an example of a process of calculating
a correction value for correcting misalignment according to
an exemplary embodiment.

Referring to FIG. 4, when the target information compar-
ing unit 50 determines that the misalignment exists in at least
one of the first radar 10 and the second radar 20, the
alignment correcting unit 60 may receive the first target
information and the second target information from the
target information calculating unit 40 (S171).

The alignment correcting unit 60 may determine whether
a distance between the first vehicle 100 and the target i1s
equal to or larger than a reference distance (S172). For
example, the alignment correcting unit 60 may determine
whether a smaller value (1.e., a lateral distance from the first
vehicle or radars on the first vehicle to the target) between
the first distance R, included 1n the first target information
and the second distance R, included 1n the second target
information 1s equal to or larger than a reference distance.
Notably, when the misalignment is corrected based on the
target information about a target excessively close to the first
vehicle 100, 1t 1s diflicult to calculate a reliable correction
value. Thus, 1f the alignment correcting unit determines that
the distance between the first vehicle 100 and the target (e.g.,
the second vehicle 200) 1s less than the reference distance
(1.., the distance between the first vehicle 100 and the target
1s not equal to or greater than the reference distance), then
the method illustrated 1n FIG. 4 may return to step S171
described above.

When the alignment correcting umit 60 determines that
each of the distances R, and R, included 1n the first target
information and the distance included 1n the second target
information 1s equal to or larger than the reference distance,
the alignment correcting unit 60 may determine whether the
number of times of determination that the misalignment
exists 1n the first radar 10 or the second radar 20 1s equal to
or larger than a predetermined number N of times (S173). A
process ol accumulating the number of times of determina-
tion that the misalignment exists in the first radar 10 or the
second radar 20 for the predetermined same target may be
performed in advance. The target information comparing,
unit 50 may first determine whether the first target 1s the
same as the second target in operation S140, and secondarily
determine whether the first target 1s the same as the second
target based on the number of times of determination that the
misalignment exists 1 operation S173. The alignment cor-
recting unit 60 may correct the misalignment only when the
number of times of determination that the misalignment
exists 1s equal to or larger than the predetermined number N
of times, thereby 1mproving reliability.

When the alignment correcting unit 60 determines that the
number of times of determination that the misalignment
exists 1n the first radar 10 or the second radar 20 1s equal to
or larger than the predetermined number of times, the
alignment correcting unit 60 may calculate a first calculated
angle 0, of the same target to the first radar 10 and a second
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calculated angle 0, of the same target to the second radar 20
(S174). The alignment correcting unit 60 may calculate each
of a first calculated angle 0, of the same target to the first
radar 10 and a second calculated angle 0,, of the same target
to the second radar 20 by substituting the first distance R,
included in the first target information, the second distance
R, included 1n the second target information, and the inter-
val D between the first radar 10 and the second radar 20
according to the law of cosine law described above 1n
Equation 1.

The alignment correcting unit 60 may calculate a first
correction value and a second correction value (S175). The
first correction value may be a difference between the first
calculated angle 0, of the first target to the first radar 10 and
the first angle 0, included in the first target information. The
second correction value may be a difference between the
second calculated angle 0,, of the second target to the second
radar 20 and the second angle 0, included 1n the second
target information.

The alignment correcting unit 60 may accumulate and
filter the first correction value and the second correction
value (S176). However, operation S176 may be omitted as
necessary.

The target information comparing unit 30 may correct the
first angle 0, included 1n the first target information and the
second angle 0, included 1n the second target information by
using the first correction value and the second correction
value, respectively (5177). The alignment correcting unit 60
may provide the first correction value and the second
correction value to the target information calculating unit 40.
The alignment correcting unit 60 may also provide the first
correction value and the second correction value to the target
information comparing unit 50. For example, the first cor-
rection value and the second correction value may be used
in aforementioned operations S110, S120, S150, and the
like. The target information calculating unit 40 may correct
the first angle 0, included in the first target information by
using the first correction value and correct the second angle
0, included 1n the second target information by using the
second correction value. The correction of the first angle 0,
included in the first target information may correspond to the
correction of the misalignment of the first radar 10. Further,
the correction of the second angle 01 included 1n the second
target information may correspond to the correction of the
misalignment of the second radar 20.

For example, when the first correction value 1s +1° and the
first angle 0, included 1n the first target information betore
the correction 1s 65°, the target information calculating unit
40 may correct the misalignment so as to have +66° by
adding the first correction value of +1° to +635° that 1s the
first angle 0, included 1n the first target information before
the correction. When the misalignment by -1° 1s generated
in the first radar 10, the misalignment of the first radar 10
may be corrected by using the first correction value. The
misalignment of the second radar 20 may be corrected by the
same method.

Operation S176 may be performed until i1t 1s determined
that a new misalignment exists 1n aforementioned operation
S150.

According to the exemplary embodiment of the radar
alignment apparatus for a vehicle and the method of con-
trolling the same according to the present disclosure includ-
ing the aforementioned configuration, 1t 1s possible to pre-
vent an 1ncorrect warning, a non-warning, or a late warning
due to an mcorrect measurement of travel information about
a target or an opposite vehicle by detecting and correcting
misalignment ol a mounting angle or an error of a measure-
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ment angle generated for the plurality of radars mounted at
the rear side of the vehicle while travelling, thereby pro-
moting safe driving. Particularly, the alignment function 1s
automatically operated while the vehicle travels, so that it 1s
possible to decrease a time for repairing a problem due to an
abnormal operation.

The radar alignment apparatus for a vehicle according to
the exemplary embodiment and the method of controlling
the same are not applied to be limited by the atorementioned
configuration and method of the exemplary embodiments,

but the entirety or a part of the exemplary embodiments may
be selectively combined so that various modifications of the
exemplary embodiments may be made.

The radar alignment apparatus and/or one or more com-
ponents thereof, may be implemented via one or more
general purpose and/or special purpose components, such as
one or more discrete circuits, digital signal processing chips,
integrated circuits, application specific integrated circuits,
mICroprocessors, processors, programmable arrays, field
programmable arrays, mstruction set processors, and/or the
like. In this manner, the features, functions, processes, etc.,
described herein may be implemented via software, hard-
ware (e.g., general processor, digital signal processing
(DSP) chip, an application specific integrated circuit
(ASIC), field programmable gate arrays (FPGAs), etc.),
firmware, or a combination thereof. As such, the radar
alignment apparatus and/or one or more components thereof
may include or otherwise be associated with one or more
memories (not shown) including code (e.g., instructions)
configured to cause the radar alignment apparatus and/or one
or more components thereof to perform one or more of the
features, functions, processes, etc., described herein.

The memories may be any medium that participates in
providing code to the one or more solftware, hardware,
and/or firmware components for execution. Such memories
may be implemented in any suitable form, including, but not
limited to, non-volatile media, volatile media, and transmais-
sion media. Non-volatile media include, for example, optical
or magnetic disks. Volatile media include dynamic memory.
Transmission media include coaxial cables, copper wire and
fiber optics. Transmission media can also take the form of
acoustic, optical, or electromagnetic waves. Common forms
of computer-readable media include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, any other
magnetic medium, a compact disk-read only memory (CD-
ROM), a rewriteable compact disk (CDRW), a digital video
disk (DVD), a rewriteable DVD (DVD-RW), any other
optical medium, punch cards, paper tape, optical mark
sheets, any other physical medium with patterns of holes or
other optically recognizable indicia, a random-access
memory (RAM), a programmable read only memory
(PROM), and erasable programmable read only memory
(EPROM), a FLASH-EPROM, any other memory chip or
cartridge, a carrier wave, or any other medium from which
information may be read by, for example, a controller/
Processor.

Although certain exemplary embodiments and implemen-
tations have been described herein, other embodiments and
modifications will be apparent from this description.
Accordingly, the mventive concept 1s not limited to such
embodiments, but rather to the broader scope of the pre-
sented claims and various obvious modifications and equiva-
lent arrangements.
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What 1s claimed 1s:
1. A method of controlling a radar alignment apparatus,
comprising;
calculating a first target information comprising a first
distance to, a first speed, and an first angle of a first
target by using a {irst radar provided on a vehicle;
calculating a second target information comprising a
second distance to, a second speed, and a second angle
of a second target by using a second radar provided on
the vehicle and spaced apart from the first radar by a
predetermined interval;
comparing the first distance and the first speed included 1n
the first target information with the second distance and
the second speed included in the second target infor-
mation;
determining whether the first target and the second target
are a same target based on the comparison of the first
distance with the second distance and the first speed
with the second speed;
comparing the first angle included in the first target
information with the second angle included in the
second target information when 1t 1s determined that the
first target and the second target are the same target;
determining whether misalignment exists in at least one of
the first radar and the second radar based on the
comparison of the first angle with the second angle;
correcting the misalignment by using the first distance
included 1n the first target information and the second
distance included in the second target information
when 1t 1s determined that the misalignment exists 1n at
least one of the first radar and the second radar; and
outputting a warnming message corresponding to the first
target information and the second target information
when 1t 1s determined that the misalignment does not
exist 1 at least one of the first radar and the second
radar,
wherein the misalignment 1s determined to exist 1n at least
one of the first radar and the second radar when a
difference between the first angle included 1n the first
target information and the second angle included in the
second target information 1s equal to or larger than a
third reference value.
2. The method of claim 1, wherein correcting of the
misalignment comprises:
calculating a first calculated angle of the same target to the
first radar and a second calculated angle of the same
target to the second radar by using the first distance
included in the first target information, the second
distance included 1n the second target information, and
the interval between the first radar and the second
radar:
calculating each of a first correction value that 1s a
difference between the first calculated angle of the
same target to the first radar and the first angle included
in the first target information, and a second correction
value that 1s a difference between the second calculated
angle of the same target to the second radar and the
second angle included 1n the second target information;
and
correcting the first angle included in the first target
information by using the first correction value, and
correcting the second angle included 1n the second target
information by using the second correction value.
3. The method of claim 1, wherein determiming whether
the first target and the second target are the same target
COmprises:
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determining that the first target and the second target are
the same target when a difference between the first
distance included 1n the first target information and the
second distance included 1n the second target informa-
tion 1s equal to or smaller than a first reference value;
and

when a difference between the first speed included 1n the
first target information and the second speed included
in the second target information 1s equal to or smaller
than a second reference value.

4. The method of claim 1, wherein determining whether

he misalignment exists 1n at least one of the first radar and

the second radar comprises:

determining that the misalignment exists 1n at least one of
the first radar and the second radar when a difference
between the first angle included in the first target
information and the second angle imncluded 1n the sec-
ond target information 1s equal to or larger than a third
reference value.

5. The method of claim 1, further comprising;:

determining whether the first distance included 1n the first
target information and the second distance included in
the second target information 1s equal to or larger than
a reference distance when 1t 1s determined that the
misalignment exists 1n at least one of the first radar and
the second radar:;

determining whether a number of times of determination
that the misalignment exists 1n at least one of the first
radar and the second radar 1s equal to or larger than a
predetermined number of times when the first distance
included in the first target information and the second
distance included in the second target information is
equal to or larger than the reference distance; and

correcting the misalignment when it 1s determined that the
number of times of determination that the misalignment
exists 1n at least one of the first radar and the second
radar 1s equal to or larger than the predetermined
number of times.

6. The method of claam 2, wherein correcting of the

misalignment further comprises:

accumulating the first correction value and the second
correction value a predetermined number of times; and

filtering accumulated first correction values and second
correction values according to a predetermined refer-
ence.

7. An apparatus for aligning radars, comprising:

a first radar and a second radar provided on a vehicle and
spaced apart from each other by a predetermined inter-
val, the first and second radars radiate first and second
radio waves for detecting a first target and a second
target;

a recerving unit configured to receive a first signal of the
first radio wave radiated by the first radar and reflected
from the first target, and a second signal of the second
radio wave radiated by the second radar and retlected
from the second target;

a target information calculating unit configured to calcu-
late a first target information comprising a first distance
to, a first speed, and a first angle of the first target, and
a second target information comprising a second dis-
tance to, a second speed, and a second angle of the
second target based on the first and second signals
received by the receiving unit;
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a target information comparing unit configured to com-
pare the first distance and the first speed included in the
first target information with the second distance and the
second speed included 1n the second target information,
the target information comparing unit also configured
to determine whether the first target and the second
target are a same target;

an alignment correcting unit configured to compare the
first angle included in the first target information with
the second angle included 1n the second target infor-
mation and determine whether misalignment exists in
at least one of the first radar or the second radar when
it 1s determined that the first target and the second target
are the same target, and calculate a correction value for
correcting the misalignment by using the first distance
included 1n the first target information with the second
distance included in the second target information
when 1t 1s determined that misalignment exists in at
least one of the first radar and the second radar;

a warning unit configured to output a warning message
corresponding to the first target information and the
second target information when 1t 1s determined that the
misalignment does not exist in at least one of the first
radar and the second radar, and

wherein the alignment correcting unit determines that the
misalignment exists 1n at least one of the first radar and
the second radar when a difference between the first
angle included 1n the first target information and the
second angle included 1n the second target information
1s equal to or larger than a third reference value.

8. The apparatus of claim 7, wherein:

the alignment correcting unit 1s configure to:

calculate a first calculated angle of the first target to the
first radar and a second calculated angle of the second
target to the second radar by using the first distance
included in the first target information, the second
distance included 1n the second target information, and
the interval between the first radar and the second radar
to a cosine law, and

calculate a first correction value that i1s a difference
between the first calculated angle of the first target to
the first radar and the first angle included 1n the first
target information, and a second correction value that 1s
a difference between the second calculated angle of the
second target to the second radar and the second angle
included 1n the second target information, and

the target information calculating unit 1s configured to
correct the first angle included 1n the first target infor-
mation by using the first correction value, and correct
the second angle included 1n the second target infor-
mation by using the second correction value.

9. The apparatus of claim 7, wherein the target informa-

tion comparing unit 1s configured to determine that the first
target 1s the same as the second target when a difference
between the first distance included in the first target infor-
mation and the second distance included in the second target
information 1s equal to or smaller than a first reference value,

and when a difference between the first speed included 1n t.

1C

first target information and the second speed included 1n t.
second target information i1s equal to or smaller than
second reference value.
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